Purpose -Over 8 per cent of the Dutch nursing home population is bedfast, and this number is slowly increasing. The quality of life (QoL) of this population is lower than that of residents who are still mobile. Little research has been conducted on how to improve the QoL of this bedfast population, particularly through making technological adjustments to the bed and the direct surroundings. The purpose of this paper is to gain insight into the QoL of bedfast residents and how to improve this through technology. Design/methodology/approach -A mixed-method multi-case study with thematic analysis was conducted in two nursing homes with seven participants based on semi-structured interviews and Short Form-12 questionnaire. Findings -The major causes of the experienced low QoL were the limited opportunities for engaging in social contacts with others, and coping with the dependency on other people and having limited control. Participants suggested improvements of QoL through the application of modern communication technologies to engage in social contacts and to control the bed itself and environment around the bed. Practical implications -The results may help improve the design of the bed and the direct environment in order to improve the QoL of bedfast nursing home residents. Originality/value -The QoL of bedfast nursing home residents has not been studied before in relation to the bed itself and technological solutions that may help improve the QoL and level of control.
Introduction
The number of bedfast residents in Dutch nursing homes is increasing. In the year 1995 about 4.6 per cent of the residents were bedfast; in 2011 this number had risen to 5.7 per cent. If these numbers are extrapolated (CBS-Statistics Netherlands, 2007) , over 8 per cent of the population is currently expected to be bedfast. This trend matches the recent developments in which only those people with the most complex needs are eligible for nursing home admission. There are many definitions of the term "bedfast", and-to our knowledge-there is no instrument to determine "bedfastness" or classify the degree of the situation (Zegelin, 2008) . Also, the words bed-ridden and bed-bound appear in the somewhat older literature. Someone who is bedfast is limited to his or her bed due to illness or physical impairments (de Klerk, 2005) . A person is bedfast if he or she spends the larger part of the day (and night) in bed (Zegelin, 2008) . According to Fielding et al. (2011) , a bedfast person is not able to get out of bed independently, which leads to the person spending the majority of the day in bed. Based on these three definitions, we assume that someone is bedfast if he or she spends at least 12 h per day in bed, and is unable to get out of bed independently due to illness or a physical impairment.
Research focusing on bedfast nursing home residents is scarce. In general, studies suggest that from a residents' perspective, being bedfast has a negative impact on the quality of life (QoL). Older people who are bedfast due to physical impairments require assistance with basic activities of daily living, and are at risk of decubitus and developing blood clots (Campbell, 2009 ). Rubin et al. (2016) studied how 180 hospitalised patients over 60 years of age with serious illnesses evaluated states of cognitive or functional impairment relative to death. Not being able to get of bed was considered worse than death by half of the participants, and slightly less bad than incontinence and having to rely on a breathing tube in order to stay alive. Living in a nursing home was, in itself, considered to be worse than death by about 30 per cent of the respondents. One study from Turkey showed that the QoL of bedfast people is much lower than that of people who are still mobile (Arslantas et al., 2009) . Apart from the physical and mental challenges faced by bedfast persons, there are risks associated with lower evacuation times in case of fires (Strating et al., 2015) . Furthermore, nursing staff find it challenging to care for residents remaining in bed (Iecovich and Rabin, 2014) .
In order to prevent people from becoming bedfast, it is important that residents get stimulated to move as often as possible. However, residents in nursing homes often remain inactive during most of the day, being in a lying or sitting position (den Ouden et al., 2015) . Moreover, participation in daily activities itself already helps maintain physical functioning (Bates-Jensen et al., 2004) , and is associated with a higher QoL (Edvardsson et al., 2013) . Nursing staff have a major role in increasing activity levels of nursing home residents, although practice shows that this is challenging. den Ouden et al. (2017) recently showed that in almost half of the (I)ADL tasks, nursing staff took over activities of residents, for a large part unnecessarily.
In recent times, there has been an increasing focus on the implementation of technology in the nursing home environment in order to support the provision of care by professionals, and improve the QoL, independence and degree of control of residents. Little to no research has been conducted on how technological solutions may help improve the QoL of older people who are bedfast. The domain of research with bedfast participants seems an understudied area, and the research focus is on the prevention and management of pressure sores (Okuwa et al., 2006) , for which special treatment protocols and mattresses are used.
The aim of this study is twofold, namely:
1. to gain insight into the experiences of being bedfast and the impact this has on residents' perceived QoL; and 2. to investigate how the QoL of bedfast nursing home residents can be improved, with a special focus on the impact of the bed and technology.
Methodology
A mixed-method study was conducted, comprising of in-depth semi-structured interviews, following a multi-case study approach (Swanborn, 2013) .
Setting and participants
The study was conducted in the wards for residents with physical impairments of two nursing homes in The Netherlands. The principal investigator (IM) engaged in a round of participatory observations prior to the recruitment in one of the nursing homes, where only three bedfast residents lived. This led to the inclusion of a second nursing home, where nine bedfast residents lived. Members of staff assisted in recruiting potential participants, and their initial family carers were also informed about the study through an information letter. The need for ethical approval was waived (Fontys Committee for Ethics in Research) due to the character of the study. A total of 7 participants out of 12 potential participants agreed to take part in the study and signed informed consent (residents, in conjunction with their initial family carers) (Table I ). Participants had to be able to speak and communicate in Dutch. Due to late-stage dementia and inability to speak, two residents in the first nursing home and three residents in the second were excluded from the study. The participants in this study are either fully bedfast, or seated in a special chair, and fully dependent on a care professional ( Table I ). The people who were included were classified based on the number of hours they spent in bed and not on the amount of time they spent additionally being seated in a wheelchair or special chair.
The Short Form (SF-12) questionnaire was used in this study. Of the 12 questions, 6 are related to the functional status, such as physical and social functioning, and 4 questions are related to a person's well-being. The results of the SF-12 are expressed as physical and mental condition of well-being scores (PCS and MCS) ( Table I ). All seven participants had a very low QoL, and six of them had very low scores on physical well-being. In the domain of mental well-being, three participants had average scores, and three participants had very low scores.
Interviews and questionnaire
A semi-structured interview was held in the private room of the residents, which lasted for about 45 min. The interviews were held based on a topic list, which was tested with a resident who spent about ten hours per day in bed and who was unable to get out of bed independently. Interviews started by asking general questions, including the number of hours spent in bed, as far as these items were not covered by the SF-12 questionnaire. The two domains were the QoL and the bed and its surroundings. Topics of the first domain included questions about the social, psychological and physical aspects of daily living, such as the frequency and quality of relationships, mood and mental status and physical and sensory impairments. The second domain concerned questions about the bed itself and the mattress (considered as technological solutions given the complex design of these products); the features of the bed; and the position of the bed, the room itself, technologies in the room including home automation, communication devices, alerts and emergency response systems, controls. Supplementary and probe questions were asked, particularly in relation to the bed and the technologies that were already used, or features and technologies that were missed or deemed essential by the participants.
Data analysis
First, cases were individually described. The presentation of the cases follows the same structure: general data, mental well-being, social functioning, dependency/control and the bed. The interviews were transcribed verbatim, and these transcripts were sent back for member check.
During the data analysis, data saturation was reached. Therefore, a six-step thematic analysis (Braun and Clarke, 2006) was conducted by two of the authors. Consensus was reached about the results. In order to provide a more in-depth overview of the cases, the cases are presented as short life stories, which are followed by a thematic analysis of factors related to the use of technology in and around the bed. 
Results
First, the cases are described in detail. Second, results of the thematic analyses are presented.
Case studies
3.1.1 Case respondent A. Respondent A is bedfast mainly because of dizziness, especially when she tries to sit upright. Overall, she does not feel well. The main problem is facing boredom, as she had no hobbies or activities that she can participate in. She feels locked out of the outside world, as she can no longer watch the news or read a paper. She joins other residents for meals, but she is not able to engage and interact with them. This is why she returns to bed around 18:00, so that she can fall asleep and forget about her days. Social interaction with next of kin is limited to a fortnightly visit by a daughter, and there are weekly visits by a friend. She dreads being dependent and wishes to do as many things as possible. She would like to have a remote control to operate the lights and curtains. Her bed is fixed in height and cannot be lowered or raised. Because she thinks the bed itself is too low, she has an extra mattress. She does not need a bed that can be positioned electronically. She compares a nursing home bed to a hospital bed. Because of the dizziness, she does not want her bed to have a head-end that can be raised. Being able to raise the mattress at the leg-end is not considered necessary, as she uses a little pillow to lift one of her knees.
3.1.2 Case respondent B. Respondent B has a low expectation of the day to come when she wakes up, as her life is boring. She has no activities that she enjoys, she has little interest in things around her and takes no initiative. One daughter visits on a daily basis. The social interactions with other residents are very limited, but sufficient. At the same time, she indicates that she does not like sitting alone in her room all day long. Sometimes she goes to a communal room to engage with others. She wished she was able to conduct tasks independently like getting out of bed without the use of a hoist, which frightens her. From the bed, she is able to control the front door. She would like to control the lighting from her bed or wheelchair, too. Instead she can alert the staff with a push button. The bed itself is fine and lying in bed is not a burden. She is able to lie well during the whole night on a normal mattress. The positioning of the bed in the room and the position the bed is in are satisfactory. She used the positioning functionality to adjust the back-end of the mattress. She cannot adjust the leg-end of the mattress, but this is not a must. The bed rails give her a sense of security when going to sleep. She gets help from staff to adjust these rails.
3.1.3 Case respondent C. Respondent C spends her days in bed mainly because of arthritis. She is not able to walk around independently. Spending her days in bed is not a voluntary choice, but the care professionals make her go to bed at 19:30 after spending time in the living room. She is taken out of bed at 07:30. When in bed, she tends to watch television until midnight. She looks forward to group activities, because it is an opportunity to meet and engage with others. Having no children, she is only visited by a niece and a nephew on a weekly basis, as well as by a neighbour. She lives in a room in the middle of a corridor, so that she can enjoy people walking by if she leaves her door open. She is taken out of bed using a hoist, which illustrates her dependence on others. She likes the fact that she can operate the front door. She also wishes to control curtains and lighting using a remote control, as staff forgot to shut the curtains once. The bed is satisfactory, including the standard mattress. She states that she would have liked to keep her own sheets, as these were brand new when she was admitted to the nursing home. She likes the fact she has different sheets and blankets for each of the seasons. She is fine with the rails of the bed being in the upright position and the positioning of the bed in the room, which allows her to look through the window. She has problems operating the buttons of the remote control. One time, this made her leg-end go up all the way, and she did not know how to make it go down again.
3.1.4 Case respondent D. Respondent D experiences pain all day long and at 19:00 he is administered additional oxygen to cope with the consequences of COPD. He does not mind to be in bed early, even though he is taken out of bed as late as 10:00 in the morning. Respondent D likes to go outside, smoke a cigarette, read a paper and go to the supermarket to do groceries. He has no children, but is visited by nieces. He eats inside his room, as he had some negative experiences in the communal dining room. He is still a very sociable person who talks a lot to other residents. He does not feel dependent, as he feels he is able to do a lot of things independently. The two things he needs help with is getting in and out of bed and visiting the toilet. Having experienced pressure sores in the past, he sleeps on an inflatable air-mattress. If he ever needs to go to hospital, he only wants to go if he can have an air-mattress too. He is satisfied with the self-adjustment settings of the bed.
3.1.5 Case respondent E. Respondent E deals with the consequences of a stroke which led to a half-sided paralysis. He is put in bed at 19:30 every evening and taken out again around 08:00 in the morning. In the afternoon he also spends about one hour in bed. He actually does not want to be in bed any longer, because he feels that his condition is deteriorating rapidly. Feeling dissatisfied with his life, he sometimes gets angry. He has a hard time dealing with being alone, and reading and watching television are daily pastimes. He enjoys being outdoors, and once in a while he drives around in a mobility scooter. He gets daily visits from one of his children. The social interaction with fellow residents is limited, which he regrets. He enjoys participating in the various activities offered by the nursing home, such as eating together. At present, he operates the light switches with a shoehorn to press the switches. He is not satisfied with the temperature control and the draughty air-based heating and cooling system. Neither is he satisfied with the bed and the mattress, as it makes him perspire a lot. He actually looks forward to getting a new foam mattress. At night, he tells the nurses when he is in a comfortable position. He is rolled, so he lies on his side and he is kept in the desired position by placing two pillows behind his back. The blanket has many frayed ends, which tickle his face. There are times when he feels locked up inside his bed, and he tries to climb out at night, despite the rails being in the upright position. The control buttons of the bed are not very clear, which makes him end up in the strangest of positions.
3.1.6 Case respondent F. Respondent F has back pains, and spends a lot of time in a wheelchair. She is tired of living, and misses the ability to be cheerful. When she goes to bed at 19:30, she is devoid of energy and happy to go to bed. However, she cannot fall asleep, as she is worrying all of the time. One of her sons visits her twice a week. She wishes she had more conversations with others. She says that she is not the ideal person to talk to, because of her wish to die. Because she does not want to spend all day alone in the own room, she decided to spend time in the lounge. When in need for something, she is able to alert using a bell. She has no need for remote controls, as she is already able to operate the automated front door. She can hear the sounds coming from the door, but she has no idea whether the door is actually open or closed. The bed itself is fine as it is, as is the inflatable air-mattress. The staff adjust the bed in the position she wants. She has no need to do the adjustments herself.
3.1.7 Case respondent G. Respondent G deals with the consequences of a half-sided paralysis, delirium and an impaired vision. He is put to bed at 18:45 and taken out again at 07:30 in the morning. In the afternoon, he returns to bed for another two hours. He has problems remaining seated in a wheelchair for prolonged times, which is then tilted in order to shift the pressures on his body. His wife visits every day, and his three children visit on a regular basis. He does not interact often with fellow residents, but he would like to take part in activities. He is reluctant to ask for help by pressing an alert. He is not satisfied with the bed; the bed frame is too large for the small mattress, which makes the pillows fall behind the mattress all the time. The inflatable airmattress is satisfactory and comfortable. He does not mind if the bed rails are in the upright position, it keeps him secure from climbing out at night. He can adjust the bed himself, but he has trouble understanding how to operate the control buttons. Whenever the care professionals adjust his bed, he asks them about how they did it, and he tries to copy. He thinks that the wire connecting the control device to the bed itself is inconvenient, as it makes the device much heavier. He has suggested instructions be provided for new residents about how to operate the bed. He would like a built-in light in the bed frame, which would allow him to use a dim light without having to switch on the general lighting at night.
Thematic analysis
Two main themes have come to the fore from the interviews, which are related to technology, namely acceptance of dependency in relation to technology, and innovations to the bed.
3.2.1 Acceptance of dependency in relation to technology. Six out of seven participants are taken out of and put in bed using a hoist, which is seen as a confirmation of being dependent on a care professional for a basic task. Accepting this dependency can be difficult:
[Respondent F]: I can't do anything by myself anymore. It makes me feel so bad, and it is so hard to cope with. I got depressed when I became totally dependent on others. When they take me out of bed with the hoist, the nurses chat with one another, and not with me. Why don't they talk to me too? I feel left out! Four out of seven participants are not only in bed during the night, but also during the afternoon. The other three spend at least 12 h in bed during the night time hours, something that is not of their own choice. All participants spend a part of the day being seated in a wheelchair, although respondent A is able to walk short distances with the use of wheeled walker. Despite these abilities, there seems little time to supervise her during her short walks. And it is also noteworthy that this participant spends the longest time of day in bed, about 20 h:
[Respondent A]: My health is getting worse so fast. I have a wheeled walked, but they won't let me walk on my own. Only when someone guides me. But they never have the time to walk with me. It would mean the world for me if people practice more with me, so I become independent again. It would mean the world for me if I could only walk once a day.
Six of the participants explicitly stated that they feel dependent on others and that they have problems accepting this feeling. This is also expressed in the overall reluctance to ask for help, for instance, by pushing the alert buttons. Four of the participants stated that they only ask for help if it is truly necessary. When the residents have to visit the toilet, they often alert when it is too late and have already used incontinence material. Three participants explicitly mentioned that they often have to wait for help to arrive for too long:
[Respondent C]: If I push the alert button, I often have to wait for half an hour, before a nurse stops by. The longest I had to wait for was 45 minutes. As I had to hold up my urine for too long, I got a urinary tract infection, and now I have to live with a catheter. I also had to hold up my [faeces] . It gives me bad stomach aches.
In order to regain a sense of control, technological options were mentioned. Five participants expressed their wish to be able to control the lighting from the bed with a remote control. Four participants wanted to operate the curtains from the bed using a remote. And three participants wanted to control automated and operable windows from the bed:
[Respondent E]: I don't want to wait for half an hour. I would be so happy if I could control the lights, the curtains and the window by remote control. I would make me feel less dependent. And it is more convenient than using a shoe horn for switching off the lights.
The remote itself does not appear to have been well designed for disabled people. Large buttons, a more logical layout and an ergonomic design including a flat back in order to prevent it falling off a surface when it is put down would be helpful:
[Respondent G]: I'd like to have a single remote control for everything; the television, the lights, the window, and the curtains. The remote control needs to be flat on the back side, so that it stays on the bedside table without falling off.
Respondents wanted a quick follow-up when in need for assistance. One option that was mentioned was a so-called toilet-button, which could be used to indicate one has to make a sanitary stop, and which expresses the urgent need for a member of staff:
[Respondent D] I had to leave my own home for a nursing home, as the home care organisation could not guarantee that they would be at my bed when I had to go to the toilet. I wish I had a button to push.
These controls could be part of a tablet computer, which could also be used for social interaction with loved-ones, for instance, through sharing photos and Skype conversations from the bed:
[Respondent E]: She ohis sisterW lives in America. I'd like to Skype with her on the computer in my room, but I can't [operate the device].
3.2.2
Innovations to the bed. The bed, in which a significant amount of time is spent by the participants, is an integral part of daily life. Therefore, it is important that the bed is comfortable, and can be adjusted to personal preferences. Two of the participants were not satisfied with the bed. One of them stated that the mattress was the source of discomfort. In the other case the size of the bed was too large compared to the size of the mattress, which made the pillows drop in between the bed frame. Four of the participants had a normal mattress and three of them were satisfied with it. The other three had an inflatable air-mattress. The satisfaction with air-mattresses was large:
[Respondent D]: If I ever need to go to hospital, I won't go lie in a bed if there is no air-mattress.
One of the participants explicitly mentioned the role of the mattress in excess perspiration, which wakes him up at night and impairs his sleep quality. The position of bed was satisfactory for six of the participants, particularly, because if they wished change its position, they had already done so. One participant wished to move his bed in order to have some space for his wheelchair next to the window:
[Respondent E]: The bed should be moved to another place in the room. I'd love to sit in front of the window with the wheelchair.
All seven participants were satisfied with the settings (positioning) of the bed, although in one case the bed could not be adjusted. Five of them managed to adjust their beds themselves, using the control buttons, though three participants found it hard to do so:
[Respondent C]: The buttons all look the same.
One participant mentioned the connection cable to be obstructive and contributed to the weight of the device. In the case of the one bed that could not be adjusted, there was no need for an adjustable bed as such beds that resembled a hospital bed. The look and feel of the bed itself was thus an issue for this participant, who stated that a bed needed to look like a regular bed she had at home. She was also afraid to slide down the mattress if she adjusted the bed in such a position that the head-end was raised up, being in half-seated and half-reclined position. One of the participants valued the help from the nursing staff in adjusting the bed frame. Six participants had bed rails, which helped them to stay in bed and feel secure. Only one of the residents expressed the wish for a built-in night light:
[Respondent G]: I don't understand these buttons, and the remote control. When the nurse stops by to adjust my bed, I ask her which buttons she used, so I can copy cat her the next time.
Discussion

Strengths and limitations
One of the great strengths of this study is that it explores the actual perspectives of bedfast nursing home residents. Moreover, it makes a contribution to the limited evidence currently available on the QoL of these people and their use of and attitudes towards technology ( for instance, Imai et al., 2015) . This study has shown that residents who are bedfast in nursing homes have a relatively low QoL, which was related to being confined to bed for prolonged times, experiencing a large degree of dependency on others, limited participation in social and daily life and displayed different ways of adjusting or coping with their situation. Participants in this study indicated that small, but significant, improvements to their perceived QoL could be achieved by the introduction of new technologies to control the bed, to ask for help from nursing staff, to control the room itself (curtains, opening doors) and to engage in social contacts, for instance, through the use of tablet computers. The interviews showed that the limited opportunities for social engagement and social participation, and different styles of coping with being dependent on others are important factors in this low level of experienced QoL.
This study also has some limitations. Despite the predicted percentage of bedfast nursing residents, it was difficult to recruit participants. Many of them have severe psychogeriatric health problems, which meant that they could not be included in the study. The participants of the study are not fully bedfast, and qualify in the lower end of the spectrum of bedfastness. Future research could include participants occupying their beds for a wider range of hours.
Relation to other studies
There are similarities between the findings of this study and an earlier one by van Hoof et al. (2015) , in which professionals explored and generated design concepts for the direct environment of bedfast residents through interdisciplinary participatory design sessions. The stimulation of social relationships was an important theme in eight of the scenarios. The professionals suggested the use of tablet computers in order to stimulate social interaction with relatives, friends and co-residents (van Hoof et al., 2015) . Additional features of such tablet computers would be functionalities like the control of lighting and curtains. Participants in this study indicated that such features may help them in improving their sense of control. One issue that emerged from the interviews was the need to go use the toilet. Imai et al. (2015) studied the optimal bed reclining angle for promoting efficient and safe defecation in bedfast patients. They found that higher reclining angles may enable safer and more efficient defecation. In our study, people explicitly indicated that they wanted to physically use the toilet, instead of being assisted defecating in bed.
Future research
Future research could test the proposed solutions from this study with bedfast residents. The question remains if people, who are bedfast, are actually able to control devices such as tablet computers, as we know little to nothing about the digital capabilities of these people. This would require more in-depth usability and human factors studies, for instance, in terms of dexterity or visual acuity. It is not certain if these suggested improvements do indeed lead to a higher level of perceived independence, control, autonomy and QoL. At least we could accept that not all are able to use these devices but if they can, it might improve their well-being through an enhanced ability to control the immediate environment. Future studies could also differentiate between the various levels of being bedfast and personal coping styles, as these factors may impact the relevance of proposed technological improvements.
Conclusions
Bedfast nursing home residents included in this study experienced a low QoL, which partly stems from the dependence on care professionals. Participants found it hard to accept that they are no longer independent, which is also a cause for postponing a call for help for as long as possible. They stated that being able to control features in the room from the bed would improve their independence and autonomy. Overall, participants missed having social interaction with others. The beds themselves were considered comfortable, especially by the participants who had inflatable air-mattresses. Tablet computers or remote controls could be used to adjust beds to personal preferences. Such interfaces should be easy to understand and help people to adjust the bed without finding themselves in unwanted positions that are hard to correct and require assistance from care staff.
